The objective of the present study was to investigate the transdermal permeation of cacalol (1) and a mixture of cacalone (2) and 6-epi-cacalone (3) in comparison with diclofenac acid (4) delivered from the same characterized nanoemulsion using Franz diffusion cells (formulae I, II and III). Results show that de Kp, J, Q 24 , P 1 and P 2 were higher for the acid diclofenac nanoemulsion than for the natural products nanoemulsions. As for the differences between the formulations I and II, with the natural products, Q 24 , the quantity extracted from skin and P 2 were higher in the mixture of 2 and 3 nanoemulsion compared with the corresponding nanoemulsion of 1. In conclusion, the low permeability of the natural products nanoemulsions in comparison with that of diclofenac acid has the potential for development for drugs with local and systemic applications, respectively.
Investigations of the chemical constituents of Psacalium radulifolium resulted in the isolation and identification of furan eremophilanes [1, 2] . Pharmacological studies suggest that these have bioactivity as anti-microbial, germination inhibitor, antifungal, allelopathic, antihyperglycemic, hypoglycemic, antioxidant and anti-inflammatory agents [2] . The structure-activity relationship (SAR) of the sesquiterpenes measured using anti-inflammatory activity in the TPA mouse edema ear test was previously studied [3] . When eremophilanes are topically administered, permeation through the skin and transdermal absorption occurs, resulting in the corresponding inhibition of the inflammatory process. The permeability properties of the corneum stratum remained unchanged indicating good tolerance to the compounds. As a consequence, a good correlation exists between measurements derived from both in vivo and ex vivo skin diffusion experiments with the same chemicals. Therefore, the transdermal route is relevant for the administration of anti-inflammatory agents. It avoids hepatic metabolism, the administration is easier, and is more convenient for the patient. Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most commonly used to reduce pain and inflammation [4] and they are widely utilized in the treatment of rheumatic diseases. Available formulations contain diclofenac sodium. This salt is soluble in aqueous solutions as an ionized salt and its penetration into the skin is dependent upon partitioning of the unionized form into the lipophilic phase of the formulation [5] . Thus, in this study diclofenac acid (2-[2-[(2,6-dichlorophenyl)amino]phenyl]acetic acid) (4) has been formulated in a less soluble form.
Also, cacalol (1), and a natural mixture of cacalone (2) and 6-epicacalone (3) are poorly water soluble drugs. The corneum stratum is a formidable natural barrier. To overcome these difficulties various colloidal approaches have been proposed as nanoparticles, liposomes, vesicular lipidic systems and others [6, 7] . In this way, nanoemulsions are attractive vehicles for drug delivery because of their easy formulation, thermodynamic stability, solubilization properties and their small droplet size [8, 9] . In order to evaluate the potential of nanoemulsions as transdermal delivery systems for sesquiterpenes, the objective of the present study was to investigate the skin permeation of cacalol (1) (Formulation I) and of the mixture of cacalone (2) and 6-epi-cacalone (3) (Formulation II) to obtain transdermal parameters and hence obtain information about their possible and future clinical utilization by this administration route.
A comparative study of the transdermal penetration of the sesquiterpenes and a known anti-inflammatory substance, diclofenac acid (4) (Formulation III) was also studied. All drugs were topically applied on human epidermal membranes using the same experimental conditions. Table 1 shows the percent composition of the nanoemulsion for transdermal preparations. An anhydrous composition was selected because of the solubility of sesquiterpenes and diclofenac acid. A nanoemulsion is comprised of a base, formed by the combination of substances such as a lipophilic phase, non-ionic surfactants, and co-surfactants.
A fixed concentration (0.5%) of the drugs was used in three formulations (I, II and III) to compare the effect of both antiinflammatory compounds (natural product and synthesized). In all cases, a solubility study was performed and a ternary phase diagram constructed.
Nanoemulsions were characterized with regard to their appearance and particle size by transmission electron microscopy (TEM) and photon correlation spectroscopy (PCS).
Nanoemulsion systems were obtained on a laboratory scale with emulsification using an ultrasound method [10] .
The obtained formulations were isotropic, transparent, and slightly viscous. To elaborate the ternary phase diagram, the components were gathered in crowds attending to their characteristics of polarity, hydrophilic and/or amphiphilic according to the microemulsion formulations by Gattefossé [11] . Initially, a base graph was chosen, without the presence of an active ingredient, in order to identify the suitable zone to form the nanoemulsion. In this way, in the vertexes of the equilateral triangle the following components or compositions were: Labrafac, Labrasol/plurol oleique (5:1) and polypropylengycol.
Transmission electron microscopy (TEM) allowed the observation of the droplet structure in all formulations, and the efficiency of the preparation method used. Nanoemulsion droplets were spherical, with narrow size distribution in which the hydrophilic globules had a mean size from 50 to 200 nm: The droplet size did not change after addition of the natural products. However, the median diameter of the diclofenac acid nanoemulsion decreased significantly in comparison with the initial droplet size. This can be explained by the affinity of diclofenac acid (4) with the non-ionic surfactants of the nanoemulsion. Some electrostatic interactions could occur between the aromatic ring and functional groups of the chain of the surfactants during nanoemulsion preparation [12, 13] . Both the results of TEM and PCS indicated that the samples were stable without great increase in particle size for at least three months. Tables 2 and 3 show the comparative permeation parameters of the different anti-inflammatory substances of the formulations. Skin of 6 healthy donors was used; the median amounts permeated at 24 h with Formulations I, II and III were 2.0 µg, 11.4 µg and 414.4 µg, respectively. These values were statistically different using the non parametric test of Kruskal-Wallis (Table 2) .
Q 24 values obtained in each case showed that diclofenac acid permeated 40 times more than the mixture of 2 and 3, and 200 times more than 1. Also P 2 ranged from 0.83 h -1 (4) to 0.04 h -1 for the mixture of 2 and 3 ( Table 2 ). The higher permeation of 4 was favored by the small particle size in the disperse phase, since vehicle passed through the narrow intercellular passages (pores) in the outer skin layers [14] . In fact, the diclofenac acid nanoemulsion had flow values approximately 40 times higher and retained amounts 2 to 5 times smaller than 1 and the mixture of 2 and 3 nanoemulsions, respectively.
A difference between the two natural drugs is the permeated amount of mixture 2 and 3 nanoemulsion (formulation II) at 24 hours, which was 5 times higher than that of formulation I. Therefore, a greater quantity extracted of mixture 2 and 3 was found (4.15 ng/mg skin/ cm 2 ). These differences in topical permeation could be explained by the higher value of P 2 , directly related to the diffusion coefficient, but not by the P 1 parameter (p0.05). Thus, the mixture of 2 and 3 favor deposition in the skin, which could increase the initial retained amount and further permeation of drug.
Results of the present study show that it is possible to investigate the permeation through the skin of 1 and the mixture of 2 and 3 formulated in nanoemulsions by using ex vivo human skin experimental models. Moreover, the permeation rate found for the assayed compounds shows that further investigations for local and systemic anti-inflammatory activities could be envisaged. Thus the possibility exists for the use of both natural nanoemulsions for local effects and the diclofenac acid nanoemulsion for systemic effects. The choice of one or another formulation depends on the desired pharmacological action.
Experimental
Materials: Cacalol (1) and the mixture of cacalone (2) and 6-epicacalone (3) were obtained from roots of P. radulifolium [1] . Diclofenac acid (4) was prepared from diclofenac sodium by simple .25) Results are median and range from six replicates. Significant differences between groups: a,b,c p0.05 ( a II is different from I; b III is different from II and c III is different from I). Results are median and range from six replicates. Significant differences betweeen groups: a,b,c p0.05 ( a II is different from I; b III is different from II and c III is different from I).
Compounds P 1 (cm) P 2 (h -1 )
Kp (cm.h -1 ) I 1 3 .43 x 10 -5 (1.47 x 10 -5 /1.03 x 10 -4 ) 4.00 x 10 -2 (1.28 x 10 -2 /6.55 x 10 -2 ) 1.07 x 10 -6 (7.77 x 10 -7 /2.05 x 10 -6 ) II 2 and 3 8.08 x10 -6 (1.83 x 10 -6 /5.55 X10 -5 ) 12.00 x 10 -2 (3.60 x 10 -2 /77.41 x 10 -2 ) 1.42 x 10 -6 (6.64 x 10 -7 /2.02 x 10 -6 ) III 4 6 .90 x 10 
Characterization of the nanoemulsions:
The morphological observations of nanoemulsions were performed, by negative staining, using an Electronic Transmission Microscope, TEM Zeiss 902 with magnifications of 7000 to 140000. The samples were placed over a copper grid coated with carbon film and air dried. Then they were stained with 2% uranyl acetate. Finally, the samples were air dried prior to being placed in the TEM instrument for analysis.
Ex vivo permeation study: Permeation study was performed using amber glass occluded Franz-type diffusion cells with an effective diffusion area of 2.54 cm 2 and a receptor compartment volume of 12.36 ± 0.6 mL. The receptor chambers of all diffusion cells were filled with absolute ethanol-water (3:7 v/v) to provide sink conditions for the permeation and they were magnetically stirred [4] . The diffusion cells were equilibrated at 32 ± 1°C for 24 h before conducting permeation studies over 46 h. 300 µL samples were withdrawn from receptor chamber at 2, 4, 16, 18, 20, 22, 24, 26, 28, 40, 42, 44 and 46 h after application, and replaced with the same volume of receptor medium.
HPLC analysis: Analysis of 1, natural mixture of 2 and 3, and diclofenac acid (4) were performed using a validated highperformance liquid chromatography method. The instrument (Waters LP Module 1) consisted of an UV/visible detector and an analytical column (250/4.6 mm i.d.) packed with 5 µm ODS (C 18 ) Samples were analyzed at 25°C with UV detection at 326 nm for natural drugs and 211 nm for diclofenac acid (4).
Statistical analysis:
Comparison of the median values of the permeation parameters coming from 6 different donors were performed by non parametric analysis (Krukal-Wallis) with a significance value of p<0.05.
